Insect parasitoids are known to deposit chemical signals on utilized hosts following oviposition. It is believed that these chemical signals alert future conspecifics of an exploited and thus sub-optimal host alleviating potential suffering among brood that would otherwise compete over a limited resource. Diachasma alloeum (Muesebeck) is a braconid wasp that specifically attacks two species of fruit-parasitic flies in the genus Rhagoletis. Female wasps lay a single egg into a second or third instar fly maggot developing in blueberry, hawthorn, or apple fruit. Following oviposition, female wasps press and drag their ovipositor across the fruit surface depositing a clear liquid; this has been termed 'excreting' behaviour. In this report, we describe excreting behaviour in a field population of D. alloeum attacking the blueberry maggot fly, Rhagoletis mendax Curran. Subsequently, we demonstrate in a series of laboratory assays that D. alloeum females deposit a substance on blueberry fruit directly following egg laying that deters subsequent naïve females from ovipositing into the marked fruit. Marking fruit with this putative oviposition-deterring pheromone without associated egg laying was sufficient to induce the deterring effect, while oviposition alone without subsequent marking had no effect. The oviposition-deterring effect was removed by rinsing fruit with a solution of 50% ethanol in water. Spraying unmarked fruit with an ethanol-water rinsate of previouslymarked berries induced the oviposition-deterring effect. Significant deterrence of oviposition lasted up to 7 days after marking. To our knowledge, this is the first demonstration of a hymenopteran oviposition-deterring pheromone that is deposited externally on the surface of the fruit skin rather than on the surface of the parasitized larva. Female D. alloeum maximally parasitize second-instar R. mendax larvae during a short 4-5 d window. Stelinski, Oakleaf & Rodriguez-Saona activity of the oviposition-deterring pheromone described here should be sufficient to prevent multiple egg-laying into a host that cannot support more than one parasitoid larva, and thus reduce intraspecific competition.
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Summary
Insect parasitoids are known to deposit chemical signals on utilized hosts following oviposition. It is believed that these chemical signals alert future conspecifics of an exploited and thus sub-optimal host alleviating potential suffering among brood that would otherwise compete over a limited resource. Diachasma alloeum (Muesebeck) is a braconid wasp that specifically attacks two species of fruit-parasitic flies in the genus Rhagoletis. Female wasps lay a single egg into a second or third instar fly maggot developing in blueberry, hawthorn, or apple fruit. Following oviposition, female wasps press and drag their ovipositor across the fruit surface depositing a clear liquid; this has been termed 'excreting' behaviour. In this report, we describe excreting behaviour in a field population of D. alloeum attacking the blueberry maggot fly, Rhagoletis mendax Curran. Subsequently, we demonstrate in a series of laboratory assays that D. alloeum females deposit a substance on blueberry fruit directly following egg laying that deters subsequent naïve females from ovipositing into the marked fruit. Marking fruit with this putative oviposition-deterring pheromone without associated egg laying was sufficient to induce the deterring effect, while oviposition alone without subsequent marking had no effect. The oviposition-deterring effect was removed by rinsing fruit with a solution of 50% ethanol in water. Spraying unmarked fruit with an ethanol-water rinsate of previouslymarked berries induced the oviposition-deterring effect. Significant deterrence of oviposition lasted up to 7 days after marking. To our knowledge, this is the first demonstration of a hymenopteran oviposition-deterring pheromone that is deposited externally on the surface of the fruit skin rather than on the surface of the parasitized larva. Female D. alloeum maximally parasitize second-instar R. mendax larvae during a short 4-5 d window. The length of
Introduction
Both parasitic and phytophagous insects are known to deposit chemical signals following egg laying that modify the behaviour of conspecifics who subsequently avoid depositing future eggs into previously utilized host resources (Nufio & Papaj, 2001 ). These signals have been termed oviposition-deterring pheromones, marking pheromones, or epideictic pheromones (Prokopy, 1981a,b; Roitberg & Prokopy, 1987; Nufio & Papaj, 2001) . It is believed that these signals have evolved under the selection pressures of limited host resources for brood development and notify the receiver of a previouslyexploited, sub-optimal resource, thus reducing competition among offspring (Prokopy, 1981a) . Frequently, the behavioural consequences of ovipositiondeterring pheromones are a reduction in time spent by gravid females on previously-exploited resources and a reduction in oviposition attempts (Prokopy, 1981a,b) . Oviposition-deterring pheromones have been described or identified among numerous insect taxa including the insect orders Coleoptera, Diptera, Hymenoptera, Lepidoptera, and Neuroptera (Prokopy, 1981a; van Lenteren, 1981; Roitberg & Prokopy, 1987; Landolt & Averill, 1999) . Nufio & Papaj (2001) outlined the kinds of evidence used to document the existence of oviposition-deterring pheromones and their significance. Behaviourally, investigators have: 1) quantified that gravid females avoid previously-marked host resources versus unmarked controls; 2) distinguished the behavioural effect of the oviposition-deterring pheromones from other potential stimuli associated with oviposition such as eggs or fecal matter; 3) identified and synthesized the putative pheromones and then compared the effects of the synthetic versus naturally-deposited compounds (e.g., Hurter et al., 1987; Aluja & Boller, 1992) ; and 4) documented stereotypical behaviours of females immediately following the oviposition event such as dragging the ovipositor on the host resource while depositing a clear liquid. Development of methods for gathering such behavioural evidence for ovipositon-deterring pheromones was in large-part pioneered by R.J. Prokopy and colleagues working on fruit-infesting tephritid flies (e.g., Prokopy, 1972 Prokopy, , 1975 Prokopy et al., 1982a) . Physiologically, both the glands synthesizing oviposition-deterring pheromones and the specific receptor sites have been identified (e.g., Prokopy & Spatcher, 1977; Prokopy et al., 1982b , Mudd et al., 1997 . Finally, the ecological significance of oviposition-deterring pheromones has been investigated by determining the association between deposition of oviposition-deterring pheromone and larval distribution patterns among utilized hosts (e.g., Averill & Prokopy, 1987; Hubbard et al., 1987; Straw, 1989) .
Diachasma alloeum (Muesebeck) (Hymenoptera: Braconidae) is a wasp that specifically parasitizes the apple maggot fly, Rhagoletis pomonella (Walsh), and the blueberry maggot fly, Rhagoletis mendax Curran (Diptera: Tephritidae) (Glas & Vet, 1983; Stelinski et al., 2004) . These two fly sibling species are nearly indistinguishable morphologically, but are separated ecologically by utilization of species-specific host fruit (Bush, 1966) . Furthermore, there are two host races within the R. pomonella species that are also ecologically separated by preferentially parasitizing either hawthorn (Crataegus mollis Scheele) or apple (Malus domestica Borkhausen) fruit (Feder et al., 1994) . These genetically-unique host races are considered an incipient stage of species formation separated pre-zygotically by odormediated attraction to the unabcised fruit of host plants, which constitute the exclusive site of larval development (Linn et al., 2004 Dambroski et al., 2005) . Behavioural evidence for host fidelity among populations of the flies' parasitoid, D. alloeum, has also been documented in that wasps emerging from R. mendax are preferentially-attracted to the odour of blueberry fruit and those emerging from R. pomonella to the odours of hawthorn fruit (Stelinski & Liburd, 2005) . However, wasps emerging from opposite host-fly origin share a common female-produced sex pheromone and copulate normally (Stelinski et al., 2006a) . Glas & Vet (1983) described the oviposition behaviour of D. alloeum females attacking third instar R. pomonella maggots developing in hawthorn fruit by laboratory assays. They reported 'excreting' behaviour directly following oviposition without exception in which the female wasps pressed and dragged their ovipositor on the skin of hawthorn fruit and deposited a clear liquid. Although the function of this behaviour and excreted chemical was not investigated, the authors suggested a possible parallel between this behaviour and deposition of oviposition-deterring pheromones by tephritid flies following oviposition into host fruit (e.g., Prokopy, 1972 ). In the current report, we describe excreting behaviour in a field population of D. alloeum attacking R. mendax flies in nature. Furthermore, through a series of ethological laboratory experiments, we provide evidence that female D. alloeum, from two geographically-separated populations, deposit an ovipositing-deterring pheromone on blueberry fruit after ovipositing into their fly host developing beneath the fruit skin.
Materials and methods

Insect source
Blueberry fruit infested with parasitized and un-parasitized R. mendax larvae were collected from two geographically-separated locations. These were a Jersey variety from a plantation in Fennville, MI, U.S.A. not treated with pesticides for over 6 years and described in Stelinski et al. (2004) and a Bluecrop variety from an abandoned plantation in Chatsworth, New Jersey, U.S.A. Two populations were investigated to determine whether the recorded behaviours were characteristic of the species over a broad geographic range or population specific. Rhagoletis mendax larvae were allowed to exit fruit and pupate in moist vermiculite as described in Liburd et al. (1998) . Puparia were stored at 4
• C for 140 days and thereafter transferred from cold storage to an environmental chamber at 24
• C, 55-60% relative humidity (RH), under a LD 16:8 h photocycle. Rhagoletis mendax flies began to emerge ca. 4-5 weeks following removal of puparia from 4
• C. Diachasma alloeum wasps began to emerge from ca. 20% of fly puparia approximately 5-6 weeks following removal from cold storage. Prior to fruit infestation and behavioural assays, flies and wasps were kept separately in aluminum-screen cages (30 × 30 × 30 cm) at 24
• C, 55-60% RH, under a LD 16:8 h photocycle. Flies were supplied with water and food (enzymatic yeast hydrolysate and sucrose) (ICN Biomedicals, Costa Mesa, CA, U.S.A.) and wasps were given 5% sugar in water.
Infestation of blueberry fruit
Unripe blueberry fruit clusters (105 total), consisting of 20-35 unripe fruit, were wrapped in the field with 1-l nylon mesh bags on June 30. Bags were positioned around blueberry fruit clusters such that berries did not directly contact the bag surface. Clusters chosen for infestation were approximately 15-cm from the uppermost bush, which is the location where R. mendax flies are captured in greatest abundance (Liburd et al., 2000) . This technique prevents feral R. mendax females from ovipositing into blueberries and does not interfere with normal berry development and ripening (Stelinski et al., 2004) . Following berry ripening, 10 laboratory-reared and mated R. mendax females were introduced into bags enveloping fruit clusters on three dates (July 20, 30 and August 5) for 24-h intervals and then removed according to the protocol outlined by Stelinski et al. (2004) . Thirty-five uninfested and bagged clusters were infested with flies on each date. This procedure is known to result in ca. 42% infestation of enveloped berries with R. mendax larvae (Stelinski et al., 2006b ). Blueberry fruit infested by R. mendax larvae were used in field observations of D. alloeum females and for laboratory experiments approximately three weeks following infestation. At this time R. mendax reach the second larval instar becoming maximally acceptable to D. alloeum for parasitization (Stelinski et al., 2004) . Infested fruit clusters were maintained bagged and isolated from feral flies or wasps until use for field observations or laboratory assays. In some cases, fruit from a single bagged cluster was used in more than one trial.
Field observations of D. alloeum behaviour
Female D. alloeum alighting on and ovipositing into 17-21-d-old R. mendaxinfested berries were directly observed in the field in Fennville, MI, U.S.A. Unmarked control berries were maintained in nylon bags when not under observation to prevent oviposition and marking by feral wasps. After such berries were oviposited into and marked by feral wasps, they were continuously observed on the same days until they were visited by a subsequent female wasp. These previously-marked berries served as the treatment. All berries were dissected following observations to confirm infestation by developing fly larvae. Quantified behaviours included acceptance of unmarked host fruit or fruit previously marked by a D. alloeum female, duration of alightment on marked versus unmarked fruit, occurrence of ovipositor dragging following oviposition, duration of ovipositor dragging, and number of ovipositor-dragging circles around fruit circumference. Data were spoken into a hand-held micro-cassette recorder and later transcribed.
Laboratory assays of wasp behaviour
A series of 6 laboratory experiments were conducted testing the hypothesis that gravid female D. alloeum avoid previously-marked fruit containing R. mendax hosts versus infested unmarked controls and that this behaviour is due to an oviposition-deterring pheromone and not to other stimuli associated with oviposition. Experiments were conducted under the temperature and humidity conditions described above for insect rearing. Test fruits were infested by R. mendax 17-21 d prior to assays as described above. Picked fruit used in assays was tested 2-3 h after removal from the field. Fruit used for testing was removed from bushes by cutting off the entire fruit cluster at the stem. The stems were inserted into floral aquapicks and entire clusters were placed into 1-l translucent plastic containers and sealed with a perforated lid.
For each experiment, mature (7-10-d-old) wasps were used in pre-assay treatment manipulations and during subsequent behavioural assays. All female wasps were maintained in cages with males from eclosion until experimental manipulations and testing. Pre-assay experimental procedures consisted of placing a single female wasp into a 1-l plastic translucent cup containing a cluster of 20-35 blueberries that had been infested with R. mendax larvae as described above. In experiment 1, female wasps were allowed to oviposit and drag their ovipositor on fruit surface. Following the pre-assay manipulation of fruit using naïve females, newly-chosen naïve female wasps were presented sequentially and in random order with a single infested and experimentally-manipulated berry or an infested control berry that did not receive pre-assay experimental manipulation (with no other fruit). In experiment 2, female wasps were allowed to oviposit and not allowed to drag ovipositor by removing the wasp immediately following oviposition or allowed to oviposit, and then transferred to a clean and unparasitized berry for marking by ovipositor dragging. No difference in behavioural response was noted between wasps that oviposited and marked fruit in sequence and those in which these two behaviours were interrupted by transferring. As before, following manipulation of berries, naïve wasps were presented sequentially and in random order with each of the three berry treatments to determine acceptance (oviposition) versus rejection (leaving fruit without attemping oviposition). All assays were conducted in 1-l plastic containers and lasted 10 min. Females typically accepted a fly-infested berry for oviposition within 10 s of introduction into the plastic cup.
In experiments 3 and 4, assays were similar to experiments 1 and 2, but behavioural tests of manipulated berries were conducted either 3 or 7 days following the pre-assay experimental manipulation (wasp oviposition and/or ovipositor dragging). In experiment 5, fruit was washed following oviposition and ovipositor dragging or ovipositor dragging without prior oviposition by gently rinsing treated berries with 50% ethanol in distilled water immediately prior to the assay. In experiment 6, fruit was sprayed using an atomizer with ca. 2.7 ml of a solution made by rinsing 30 berries that had received female ovipositor dragging in 5 ml of 50% ethanol in distilled water. For the control, fruit was sprayed with the 50% ethanol solution. All sprayed fruit was air-dried for 1 h prior to testing. In all experiments, naïve (total n = 329) females were tested only once.
Analyses
Mean duration in seconds (s) of time spent by D. alloeum females on marked versus unmarked fruit in the field was compared with students t tests. The significance of the difference between number of females attempting oviposition in experimentally-manipulated versus control berries in laboratory experiments was tested using logistic regressions. In all cases, the significance level was α < 0.05 and all ± values are standard error values of the mean.
Results
Behaviours of D. alloeum females in the field
Female wasp behaviour in the field was similar to that previously described for D. allouem wasps attacking R. pomonella developing in hawthorn fruit in the laboratory (Glas & Vet, 1983) . After alighting, female wasps spent 55 ± 92 s (N = 20) walking on fruit while intermittently drumming their antennae on the fruit surface (Figure 1a) . Twelve percent of the females observed landing on berries left unmarked fruit within 30 s without probing with their ovipositor. The remainder (88%) briefly (1-4 s) probed with their ovipositor 9.3 ± 1.8 times (N = 15) in such a manner that the ovipositor bowed inward toward the abdominal ventrum (Figure 1b) . Of those wasps that probed as shown in Figure 1b , 100% (N = 15) subsequently probed such that the ovipositor bowed outward from the abdominal ventrum and was inserted below the fruit skin (Figure 1c) . The latter type of probing lasted 72 ± 13 s (N = 15) and is assumed to have resulted in oviposition. Following oviposition, all observed females dragged their ovipositor across the fruit surface depositing a clear liquid (Figure 1d ). On average, female wasps made 11.0 ± 2.1 circles around the circumference of fruit while dragging their ovipositor, which required 70.5 ± 18.0 s. Female wasps (N = 20) spent significantly (t = 14.8, df = 1, p < 0.05) more time on unmarked berries (274 ± 31 s) compared with berries that had been previously marked following oviposition (53 ± 10 s). No females alighting on berries that had been previously marked following oviposition attempted ovipositor probing as described in Figure 1b (N = 15).
Laboratory assays of wasp behaviour
Preliminary logistic regression analyses revealed no significant differences between behaviours assayed for wasps collected from Michigan and New Jersey, U.S.A. and, thus, these data were combined for further analyses. Significantly (Wald χ 2 = 12.4, df = 1, p = 0.0004) fewer D. alloeum females attempted to oviposit into blueberries infested with R. mendax larvae that were previously oviposited into and marked by ovipositor dragging compared with control fruit (Figure 2a, experiment 1) . Oviposition alone without ovipositor dragging did not significantly deter subsequent oviposition (Wald χ 2 = 0.11, df = 1, p = 0.74) by naïve females; however, ovipositor dragging alone without prior oviposition into fruit was sufficient to significantly (Wald χ 2 = 11.7, df = 2, p = 0.0006) deter subsequent oviposition (Figure 2b, experiment 2 ). Significant rejection of marked fruit was recorded 3 (Wald χ 2 = 4.2, df = 1, p = 0.04, Figure 2c , experiment 3) and 7 days (χ 2 = 4.0, df = 1, p = 0.05, Figure 2d , experiment 4) following oviposition and ovipositor dragging.
The incidence of oviposition into marked fruit that had been subsequently rinsed with an ethanol solution was not significantly different from the control irrespective of whether wasps also oviposited in the fruit (Wald χ 2 = 0.005 and 0.9, df = 1, p = 0.9 and 0.3) (Figure 2e , experiment 5). Significantly more (χ 2 = 8.2, df = 1, p = 0.004) wasps oviposited into unparasitized and marked fruit that was rinsed than unparasitized marked fruit that was not rinsed; however, there was no significant (χ 2 = 0.02, df = 1, p = 0.7) difference between the incidence of oviposition into parasitized marked fruit that was rinsed and unparasitized marked fruit that was not rinsed (Figure 2e, experiment 5 ).
An artificial application of a rinsate of berries that were previously marked by oviposition dragging significantly induced (χ 2 = 2.4, df = 1, p = 0.006) the oviposition-deterring effect for fruit that was otherwise not previously exposed to female wasps (Figure 2f, experiment 6) . In experiments 5 and 6, 62% of wasps probed fruit as per Figure 1b that was previously oviposited into and marked by a previous wasp and subsequently rinsed, while no wasps landing on fruit marked by ovipositor dragging or artificially sprayed with a rinsate without subsequent removal by washing exhibited this behaviour.
Discussion
Our results demonstrate that female D. alloeum deposit an ovipositiondeterring pheromone while performing previously described 'excreting' behaviour (Glas & Vet, 1983) directly following oviposition. This pheromone is deposited on the surface of blueberry fruit harboring a second instar R. mendax maggot feeding and developing within the fruit pulp. Diachasma alloeum is a solitary insect parasitoid, therefore an individual R. mendax host can support the development of only one parasitoid larva. Thus, avoidance of 'superparasitism', or egg laying by multiple conspecific wasps into a single host, is paramount for successful larval development of D. alloeum. Avoidance of superparasitism is widespread and highly efficient among solitary wasp parasitoids (Rogers, 1975 ). In the current example, the chemical signal deposited by D. alloeum females deterred subsequent oviposition by conspefics for up to 7 days. Rhagoletis mendax maggots developing within blueberries are maximally parasitized by D. alleoum females as second instar larvae during a relatively short window 17-21 days following egg deposition by female R. mendax (Stelinski et al., 2004) . After this period of maximal parasitization by female D. alloeum, attractiveness of R. mendax-infested fruit decreases markedly, possibly due to olfactory cues given off by deteriorating fruit or accumulated frass, which may indicate that the R. mendax larva is too old and close to exiting fruit and thus sub-optimal for facilitating complete development of the parasitoid (Stelinski et al., 2004) . Thus, the 7-day period of activity of the oviposition-deterring pheromone described here Figure 2 . Percentage of D. alloeum females ovipositing into: a) Unmarked blueberries (Control) infested with R. mendax larvae versus identical berries having received wasp oviposition and marking; b) Control berries, berries having received oviposition without subsequent marking or berries receiving a mark without previous oviposition; c) Control berries, berries having received oviposition without subsequent marking 3 days prior to testing or berries receiving a mark 3 days prior to testing without previous oviposition; d) Control berries, berries having received oviposition without subsequent marking 7 days prior to testing or berries receiving a mark 7 days prior to testing without previous oviposition; e) Control berries, berries receiving a mark without previous oviposition and subsequently rinsed with ethanol solution, berries having received oviposition and marking and subsequently rinsed with ethanol solution or berries having received oviposition and marking without subsequent rinse; f) Berries sprayed with blank ethanol solution versus berries sprayed with ethanol solution of marking pheromone. Significant reductions in the percentage of wasps ovipositing compared with the control treatment are indicated by * according to logistic regression (p < 0.05).
should prevent superparasitism sufficiently long in the field to overcome the ca. 5-day window of maximal host suitability for parasitization. Parasitic hymenoptera deposit both external markers directly on the host's surface in the form of liquid pheromones and internal markers that are deposited along with the egg to indicate a previously utilized resource (Salt, 1937; Guillot & Vinson, 1972; van Lenteren, 1981; Hofsvang, 1990) . Bosque & Rabinovich (1979) suggested that use of external versus internal marks can be categorized depending on the life stage that entomophagous parasitoids attack. Egg parasitoids typically deposit an external mark, while those attacking later larval and pupal stages often mark internally during oviposition. This is thought to be functionally adaptive given that: 1) eggs can be externally examined with antennal palpitation and tarsal contact, while larvae and pupae are typically concealed or protected by spines and more easily inspected internally with the ovipositor and 2) shedding of the larval cuticle during moulting would remove the mark. However, among phytophagous insects, oviposition-deterring pheromones are always deposited externally on the outside of the utilized host plant or fruit (Nufio & Papaj, 2001 ). Nufio & Papaj (2001) provide a similar functional explanation for external marking among phytophagous insects, arguing that the tissue or fruit surface of infested plants are readily available for antennal or tarsal inspection by gravid females and larvae feeding within the plant tissue may be undetectable to conspecific gravid adult female insect herbivores. Thus, the current case represents an interesting transposition of typical host-marking strategies given that the larval host of D. alloeum occurs beneath the skin of the host plant's fruit. To our knowledge, this is the first published example of a hymenopteran oviposition-deterring pheromone that is deposited externally on the surface of the fruit skin rather than on the surface of the parasitized larva. Functionally, this strategy makes sense with respect to the types discussed above given that the maggot host is concealed within a fruit. Although the fly host is concealed, the infested fruit can be readily inspected externally by alighting female wasps as per Figure 1a .
The hypothesis that females also mark their fly host internally during oviposition cannot be decisively rejected or supported by the current data. The incidence of oviposition into parasitized and marked fruit that was subsequently washed to remove the pheromone was not statistically different from that into either unparasitized and marked fruit that was not washed or unparasitized and unmarked control fruit. However, the incidence of oviposition into parasitized and marked fruit that was washed was numerically lower than that into unparasitized, marked and subsequently washed fruit and statistically equal to unparasitized fruit that was marked and not washed (Figure 2e, experiment 5 ). This result hints at the possibility that D. alloeum females also deposit an internal marker into R. mendax larvae during oviposition that may be detected by conspecifics by ovipositor probing. In addition, parasitized fruit that was marked and subsequently washed to remove the deposited chemical often deterred oviposition immediately following ovipositor probing as shown in Figure 1b , while marked and unwashed fruit was always rejected by female wasps without ovipositor probing. This suggests that stimuli below the fruit surface may have aided wasps in distinguishing exploited hosts even though the external mark was removed by washing.
The Dufour's gland has been shown to be the source of externallydeposited oviposition-deterring pheromones among numerous species of parasitic hymenoptera (Guillot & Vinson, 1972; Harrison et al., 1985; Hubbard et al., 1987) . In parasitic wasp species where females produce and secrete a volatile sex pheromone attractive to males, the Dufour's gland has also been implicated as the source of production and excretion (Weseloh, 1976; Syvertsen et al., 1995; De Freitas et al., 2004) , including in female D. alloeum (Stelinski et al., 2006a) . This suggest that female D. alloeum may produce and secrete 1) both a non-volatile contact oviposition-deterring pheromone and a volatile sex-attractant pheromone from common precursors in a common gland, or 2) a single pheromone that functions both as an oviposition deterrent to conspecific females and sex attractant for males. In R. pomonella flies, the oviposition-deterrent pheromone deposited by females also functions as a male arrestant, purportedly signaling to males that a female is in the vicinity and, thus, enhancing the probability that males will encounter females (Prokopy & Bush, 1972; Smith & Prokopy, 1980) . Therefore, it is conceivable that the pheromone originating from the abdomen of female D. alloeum shown to be a potent volatile sex-attractant of males in a previous investigation (Stelinski et al., 2006a) , may also function as a contact oviposition-deterrent to conspecific females.
Utetes canaliculatus (Gahan) (reported as Opius lectus) is another small braconid wasp that attacks R. pomonella larvae developing within hawthorn fruit (Prokopy & Webster, 1978) . However, this solitary parasitoid species is thought to attack either the egg stage or possibly an early first-instar larva (Prokopy & Webster, 1978) at least 15-20 days before D. alloeum attacks the same fly host. It is unlikely that an external mark would have such a long period of activity so as to alert later-parasitizing D. alloeum of an exploited resource; however, interspecific discrimination of utilized hosts is known to occur among entomophagous parasitoids and may be mediated by an internal marker (Vet et al., 1984; van Baaren et al., 1994) . Further work will need to be conducted to determine whether interspecific host-marking recognition occurs among the parasitoids attacking Rhagoletis.
The current report demonstrates that female D. alloeum deposit an oviposition-deterring pheromone during 'excreting' behaviour. Interestingly, this external marker is deposited on the fruit surface of host fly's larval habitat rather than on the larval host. Future work will focus on isolating, identifying and possibly synthesizing the pheromonal component(s) mediating this behaviour. In addition, persistence of activity should be determined in the field as well as the effect of host marking on the distribution pattern of parasitized R. mendax in nature.
